Hhsse- Minkowsei theorem, lec 4
Quadratic forms with p-acic coetliciests

0) Introducton
We now went o ZﬂVéSf/(?ﬂfe 7cfceo//a;i‘/c forms
7[)( X)) = ZZ/M W Z/e[@/ﬂ

Here's a mfn/wl‘/oh Our owg/mj jawf m Lec 1 was 4
inVESfiﬁafe 7uao/m7flc forms with cottliciets in A we wented
To know wAcn Suu/w 2 /orm /epresenfs 4, [m/cy Q ) 7—n/ax4/cs o
Sec 3.1 we know w%wf @C@ & So /'7[ 7@;/ 7 h//z‘/ vetional
coethicients 7[)< X,) =0 has a nonzero splition iy ﬁ ‘Lz/en H
({Mfofoglca%) has a honters Solution wn Q (¥ p) /b This
Gives us e pecessery [éaf ot Sufficient) com&f/on For 9 rep-
/”esemémé 0 over @ For exarn/o(%,%/c Ist exerouse m Lec !

(/Ua/’f% solved in Lec 2) con be steted as:

EXam/ﬁ{fe / : K,2~ ZXZ+3)(;~E)(Z does not /epres@nf 0 in
Q. whte x4 xex-2% does not Fepresent 0 d,.

K



The main result of this locture is:

ﬁf’om/n; For 735 fl/e)’a_ 7u£zo/mjfib ﬁ”)/m 7&4,..)(,,) Wit
Coe///oienfs (n @ /’ﬁp/ese/més 0 over @f, e f(x,,..x,.ko Jas
2 NoNnienp Solution in @n

77}5 ‘fAﬁ()}’eM 6)(/9/[2,/)75 5L(f 0/065 ﬁa7f 4«/1,‘) /))’al/e ﬂeo}’em
from Lec 1 (if 7(x4,._ X,) w.N25 & votionad coeticionts
vepre sents 0 over [R then it vepresents 0 over ()

1) gewp

Recadl thot in Lec 1 we worted with gucdyatic
Jorms w. coeticients in I , whid can be @/ £ or in %wﬁ
Q. lnd

1) irtroduced €?Mil/ﬂffme o Foyms wa inertifle Omecr

Mang@s 0/ variadtes /MIZA Coe/f?c/mzzs in [F )

7) PVOVZO,)( Hhat any ?[x4,..x,,) is eyuzl/a/cm‘ 4 44&(70-

’zﬁ]d ?/: 21_ 9; X’ [7,- elF). Below we'tl wse notation [éw,_,%j



Tor His 004250”;21 Form. Moreover i 9 represents ack {03
then we can Find oliﬂjoﬂaj ?/ W. ;=4

Kem: Tao oifferent 0@290/7@[ Jorms Cen be efa/l/afwfr
a) @rmwém} 7,"5 vesutts in €7uivafem‘ g‘%yms /é/e Cones-
/00/40/)/)5 Cﬁwje of veriables is a /ermwfaf/on)

b) T m<n & [% %]“J[?,’,__,%l Hhen [% 7;4] "’[ﬁf..,f,;,
?m,,...,c],,] {19/7,,._,7,,,?;,._7?,;6[/?) /&%cwje anﬁdt e 15t m
veriabtes).

c) [?4,"_,7“]N[d}zf,,..,af?h] L4 QZGF[ {03 (. CoWes/ﬂomAhg,

UA&@@ of variaktes s /ZSL’Q/ZMOQ the X;:’3).

2) Broof of Theorem for pr2
IF 7,7’ are zyaiva(enf, f/en 9 /@yfymz‘s nﬂ é/ a/;o/ 0/4% /'f
7/ dhes. So we can assume thit 9L, %)= 2 g: X, for y,.eﬁf
If one of 9: iv 0 we ae done., So We can RSsume f/wﬁ 9:%0
¥
Our SZZ/’Q'feﬁ} is as follows: N25 => at Ceast fo/f{f’f

(e
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[Iey, (7 ?1,73 AMZ orders of o Some /am‘} Wertl see
[his is a cruciel Jfgo) that [7’, ?ZJ repreSents ~s- nce
Hhis [s knownh we coen a/jwa as Allaws 1675,_ 2) above
[7 ?JN[—%?] Jor 50/14676@ ﬁem b) we have
[;4 ,7J ~[- 95, Bo, 9 9] whl Ve/o/escnfs Q- /D%
X=X=1 K:=0 for c#+73

So 7o Prove the Hheovem i remams +o Show:

Important lemma: Tf m/[?,)za;fo/(%) mod 2, Hhen [9,.9.]
/epreymfs é&ﬂ? od w. 0V0( (03) 50/// (?[) /Mo/ j.

/D/og/,- [7“723 represemzs <= 5 xm;@/ 7,Xf+7z)(: A
& 7 5127,' ﬁ@/j,ﬂ ZJZZ% &Léqz)zz 2ol [Z);Zf,,% )52?21 /goksem‘s
Zd, ¥ 2 Yy §E @[J 03 So we can assume Hhat

9,1, m/[y? =0rol(X) =0.
Tn Lemma 1 of Sec 3.2 wewe Seen 4ot Zé,o'eZ
w. b#0 is a Com/offvfc Souare << 6 is a ;z/azoé/o;f/c 1esidlve

A more (?enaml (but 67’&/;VQ/€€M'£) cloim s
4|



(x) For d=£§ﬂi/)’;/g=ééé/g" (a.,4,#0), 0{43 I R com/ofyfe

Souale & 4, b, are either b 7uao/m;flc 1esidues or b4
7aao/mflc ﬁonVesm/ues

Write %7, /0 (4#0). If 2 is 4 guadvatic residuc,
ve are done: 5t o sutable x, dnd if 4,4, are 6524
fé/aa/}’a‘f/c ﬁOﬁ}’eS/O/uf,S, z‘/en we are also dbne: o= 2 XZZ, I
remains o /aw/fz —L‘/c case when é s R 7&/420//&{% /eS/a/ae)
wA;& a, is not.

First. we clawm et 3 ;aeo//wfzc fion ~reSidue can e
/Vejeﬂfea/ 4S f/ﬁ Sum 07/ wo 7%2@//5&(‘ e residues.

Assume Conz‘m/J, Then e subset X- [fqao/mf(c vesifues §
{05 c 714071 s closed undder fabmg, sums. This is
1mpossibite - e 0M5,_ subsets of 7[47[ chpsed ander Zaking
Sums are @ 103 7/07/

So we con //ym/du(ﬁé? st c7 7(7 =g =
where 2" is a 7aao/mjfzc Won- residlae. Kdv;_ ), d /,,( (7 =

éq/oa{) +9, (f] J) =, 0 of Lemma.
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The case of p=2 (more fomp@za%eo/) witl be handled in

3) Hasse -Minkowski ’f/ﬁorf’m

Our jad was o prove bt 2 7M:<o/raz‘/c form wrth redio-
ned coetficients represents 0 over i it rpreseuts 0
over (R /Di’o(//a/ﬁo/ N25. e hawve IUVDI/60( Iomez%m; }’Meo/ 3
Lhot every 7weo//dfc form over @ m N7 5 variebtes repre-
sents O At the frst j/ame, s dbesnt ﬁofp much
He implication is ot a Fvm Ke//efem‘/ng, 0 n
/ep/{Sfmfs [ wn @7 not ‘f/e 01‘/@// A/a? d/omo[

ﬁearem .Z—zf a f%rm ? W/z‘/ vationad 608/7/1'6/%%5 /@pyesen%s
0 over KK andd @/, Jor all promes p Hen 1t fepresents
0 over (1)

- Prove this for n-2.



